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AERODYNAMIC

REPORT No.335

THEORY AND TEST OF STRUT FORMS-PART II 1

By R. H. SMITH

SUMMARY

This report, suhmitied to the National Advisory Committee for Aeronautics for publication,
presents the secondof txo studies under the same Me. In this pm-tjire theoreticalstruts are deceloped
from distrilmted sources and sinks and constructedfor pressure and resistance tests in a m“ndtunnel.
The surface pressures for symmetrical invi.wd jlow are computed for eac7istrut from theory and
compared m“th thosefound by ezpetiment. The theoretical and experimental pressures are found
to agreequantitdirely near the bow, only qualitatively orerthesuctwn range, the experimental sucttins
being uniformly a little low, and not at all near the stern.

This study is the strut sequel to Fu7irmann1sresearchon airship forms, the one being a study in
two dimensions, the otfier in three. A comparison of results indicates that the agreement between
theory and expem”mentis somewhat betterfor bodies of rewlution thun-for cylinders when both are
shaped for slight rem”stance. The con..wktentde~ency of the experimental suctions which is found
in the case of struts was not found in the me of airships, for which the expem”mentalsuctions were
sometimes almresometimes belowtli~”rtheoretical-ralues.

AUongun”ththesejire theoreticalstruts were made three empirical struts of high repute, tk British
strut giren in Reports and Uemoranda Number 189, the German strut Number 53, and the United
States Navy A’umber2, and all eight testedfor total retitance. Of thejire theoreticalstruts, Number I
excels as a faii-ing, .hTumberF as a strut. Number T and the United States A’ary Number 2 hare
about equal merit as struk, with tti German Number 63 ‘a close seoond and the British a poor third,
the relativz merits being 100, 103, and llg, respective.ly,of Reynul& Number 1$x104.

. ..-
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.-

1This part was submitted In May, 1929,to the Johns Hopkins Utdtity ss a doetcf’s dki?rtatim Part I was reportd in Refemnca 10.
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AERODYNAMIC THEORY AND TEST OF STRUT FORMS-PART Ii
By R. H. SMITH

INTRODUCTION 1

In Part, I of this study we were concerned, among other things, with the inverse problem
of findhg a source-sink distribution whose flow boundary in a uniform stream was the surface
of a given empirical strut of high service merit, and then of finding the theoretical pressure
everywhere on the strut surface. We will now consider, in Part II, the direct problem of finding
the flow boundaries, in a uniform stream, of a few balanced combinations of sources and sinks
whose types of distribution are predetermin&l, and then of llnding, as before, the t.heoretical
pressure on the boundary surfaces. Strut modeLa whose surfaces coincide with these flow
boundaries will then be made and tested in a wind tunnel for surface pressure and total resistance.

The direct-problem study is analogous to that made by Fuhrmann on a series of surfaces
of revolution resembling airships. (Ref. 1.) Part II may therefore be considered as the strut
sequeI to Fuhrmann’s investigation, the one being a study in two dimensions, the other in
three.z Before beghming the study, however, it may be well to consider, very briefly, a portion
of the underlying mathematics leading to the basic equations of two-dimensional potential flow.

THE FUNDAMENTAL EQUATIONS

A general vector field, such as the distribution of velocity, T, t~oughout a moving mass
of fluid, can always be resolved into two component fields, each present as if alone. One of
these components, calkd the rotational field, arises born vortices and has curl but no diver-
gence, the other, c&d the irmtational field, arises from sources and sinks and has divergence
but no CUTL The functional form of V for either component field is obviously @xed by the
condition of absence of the other; that is, in the rotatiorud field, V must be curl F, where F
is a vector, in order to have no divergence, and in the irrot,ational field, V must be grad p,
where p is a scalar, in order to have no curl. Accordingly the rotaticmal component field has
the equation

cud T’=clld curl F---------------------------------------------------- (1)

and the irrotational component field has the equation

div P=div grad p---------------------------------------------------- .(2)

Vector fiekls whose rotational components are absent are always expressed in terms of
scahr or potential fields as in equation (2) because of the great simplification of treatment
which ensues.s When this substitution can be madethat is, when the field is irrotationaI—
it is susceptible to man~oeable treatment even when the sources and sinks which produce it
are quite complex.

The present study inchdes an inwsstigation of the velocity and pressure in a uniform stream
of perfect fluid flowing symmetrically past each of five Ranlcine struts. The velocity field is
therefore produced entirely by sources and sinks; hence is irrotational and susceptible to analysis

1See the general fntrcductfon, Pert I, Reference 10.
~Pert H was eaggestedb meby Dr. A. I’. Zahm M mitebIe for a thesis.
:Itshould be redfed thet them are specbd olrcuMory fields wtdch em frrotetfoael ead wbfoh am therefora expressfbk In tezme of ecaler ddds.

Thsa fields em produced by Mae V&&S wbfch fndace cfroumkeatfd veloeitiw iavwsdy propxtfoml to the rsdfl.
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726 REPORT NATIONAL ADVISORY COM-E FOR AERONAUTICS —

by equation (2), If we assume the air to be incornpr4msible,4and if we allow for the strength
of the sources and sinks enclosed by the closed path of integration, equation (2) becomes,

div V= div grad p =A2p= O----------------- —---- ----------------------- (3) .

Equation (3) ie invariant .tQcoordinate axes. If~q .c.hoosecylindrical coordinates for the
purpose of deriving the basic equations for this “study, and if we assume for V axial symmetry
about, and uniformity along z, equation (3) becomes,

()
A2P+~ & =0 ------------------------------------------------- (4) >

Since one is concwn.ed with p at fiite distances, equation (4) may be written

bpc--_-_”:--___--__----_-.-._..-_-___-_F.=r-----~%. ---------=---------------(5) - .. -----

from which clearly— :—

Q=~np+A ---------- ------ ------------ ~---. —-------- -.-— -- =-!-—~--------, --- (6),

In equation (6), CZnpis the potential due to a line source whose strengthper unit Iength is
2 T C band A k an added potential of a flow with no divergence such as the potential of a uniform
superimposed stream. If this uniform stream has tkvelocity U along z normal to the source
then A = 7%,because.at great distancti where the.vehxity of the flow from”the source vanishes,
A satisfies the boundary condition, -. .

vz=g.~g= u

Equation (6) then becomes

Q=anp-!- up __________ —— -------- . ..—. ---------------- --------- - (7]

Each term of equation (7), being a two-dimensional potential, must have a cimjugate which
satisfies the equation

~+ i$ =j(z)

-

.-

-.

—
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.—.

....

—

.-

-.

The conjugate to Ckp is seen to be (% upon decomposing

q+i$=(?ln z=C?h (peW)

into its real and imaginary parts, and the conjugate to Ux is clearly VIIupon decompo:ing~

49+i#= U2=u (jF-+iy).

Accordingly the velocity potential, q, and the stream function, #, of the flOWfrom a line murce . .
along z and of a superimposed uniform stream normal .to z, are given by the two equaticms—

(Q . , -:.. -q= Ci%p+Ux-. ------------- -------- ---r.—- .=----------- ------------ .

*=@+ uY----------------------------------------------------------- (91.. .- ... . . .

THE RANKINE HALF STRUT

Preliminary to the treatment of the Rankine struts proper, a study of the half strut, which
is produced by a line source normal to a uniform stream,will be made for two reasons; it will be
useful in illustrating, in their simplest application, the analytics and the graphics which will be

,.

required in the strut development, and, secondly, it has considerable academic interestiof its _
own.

4The ccmect40n to dlvsrgwma due to adiabatlo wmpres.sion fs negSfglblymnjdl fn air fiowing pwta strut rmdez ordlusry fUght wndltfons,
-.. . . ..- .. ..-. . .

(Ref. 8.)
1The strsngth of a line SORK?8c-w tit length is 2 +@p. Ihom equation (S) @ = $, hence the sonrca strength pa unit length Is 2rC.



AERODYNAMIC THEORY AND TEST OF SIWfJT FORMS-PART II 727
THEORETICAL TREATMENT

Let the contour of the half strut, which is the bounda~ surface between the source flow
and the uniform stream, be a b c d, and let the source be at 0, Figure 1. Choose any point p

inside, on or outside the boundary surface, and let ppo be its ordinate. We wish to express the
stream function at p. Since the stream function may be considered physically as a flux across
a line, a choice w-illbe made at the outset between the arc pq and the ordinate ppO. Equation
(9), of course, gives the flux across the arc, and mathematically this is the better choice. How-
ever, the equipotential diagram of fhm across the ordinate (fig. 7) is more easily interpreted
physically and has a symmetry lacking in the diagram of flux across the arc, due to a difference
in those parts of the diagrams pertaining to the second quadrant of the field.e On the other hand

—.

the ordinate interpretation requires that the haIf strength, ~C, of the source be deducted from
the stream function, ~, at all points of the field. The deduction is required when d is greater

—
--

---
than ~ to convert ~ from a flux across the arc to a flus across the ordinate, and when less than ~

to compensate for the additional flux from the source across PPOas compared to that across m.
(fig.I) when a uniform stream is
superimposed.7 Hence the deduc-
tion, rC, whiIe a aimple constant
mathematically, is two constants
physically, each of which should
be applied to different quadrants
of the field, at dMerent stages in
the development and for different
physical reasons.

Since even in the case of
distributed SOUrCOS both pmti of

---
-.

..—

. ...— .-— .-

—
—

the deduction are quite si&ple ones to compute, and since it seems b& to chrify the interpre-
tation of the diagrams, which have a certain value in themselves, the ordinate interpretation
wiIl be assumed and the deductions separated. This choice has also the important advantage

—

of following the procedure of F&rmann.
Having made this choice we may mite equation (9) in two parts corresponding to the two

quadrants of the field,

.

-

—.

$=–(T–6)+%‘<0:---------------------------------------------(10).:. “, 1
5=6+%-, Z>o Ja

cwhere a = —●u
—

of the half strut, given by letting # = O and y =Epsin 0 in equation (10), is

,-------------------------------------------------------- (11)

The equation

..—From equation (11), the bow, b, is at ZO= – a. (Fg. 1.) Going aft, the boundary surface

intercepts the y axis at yO= +% and approaches asymptotically me two planes y = + zra.
Site the parametaa is clearly a measure of the dimensions of the haIf strut, a series of values
of a will gbre a sties of similar contours with the source %e as their common focus.

—

~When the arc has second quadrant magnftnde, @&r the are dfagcam becmn~ .(.4) fcMthe wdinsk d&an& the minus @n fndkatfng a
rfght w left flux amw the ordinate.

r Sfnm both rp and &@ (tlg. 1) are streamkes, no flufd crosses afther and the dux suoae rr. fs equal to that across PP’ of to &t aermsPP.
deemeaadby x C, thehalfetrengthof tha~

~Consfderad mathamatfcally, aquatfon (IO) h sfmply eqnstfon (9) wfth tha mnetant potentfal-r~added fn order that the body may ha~e
the equatfon $’-0 and then wrftten fn two forma w tho&onfy acute sngIes enter, whfeh avoids ambfgnfty fn tha sign of the Mgonometrfc functfons.

.,..

.—
.—
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Upon partial differentiation, equation (10) giv~j at each ~pointof the field, the component --
velocities

,“

v,=

whose resultant squared is,

()
v’=? 1+2: + v.. ---. ------. ----. -----— ----------------------- (12)

If one defines P. as the full impact pressure of the stieam and P ~ the supemtream press~e,
or as the preaaureabove or below that of the dimhuttstream, then, for stmdy flow,

(7
2L~_ –- ‘ .--.--_------------------____-_-----___---:---------g ---- (13)
p.

or -.

(
2 <+2U

).
;Coso ------------------ —--—

p--- P .
------------ ---------- (14)

The curve of pressure & versus the distance z aft the bow, plotted from equation (14) in

Figure 6, shows that the pressure is a mti~ at the nose, aS usual, wh~e it equals the ffl .“ .- .
impact pressure of the uniform stream. Going aft, the pressure decreases rather sharply, passes

through its zero value at x=; and reaches a negative rnafi~ from which it aadually —
subsides asymptotically to zero.

At any surface element of the half strut, the pressure exerts on the strut a drag, pdy per
unit length, whose integral over any zone or strip of the surface is the zonal pressural drag.
(Ref. 2.) If D“is the zonal drag per unit length,

\

J
D=2 ~dy,

n!

J
h

or D=-tip, -&+~P COS6) @ COS8 de+sti.fl d p)------------------------ (15)
81

After substituting for p its value as=~u- ‘J and carrying through the integrationjg e@ation (16)

reduces to the simple form,
sins d h

D=2a Pnx ~------------------------------ (16)

One observes from equation (16) that D= O,as itshould, when the limits of o are Oand m,that is
when the integration extends over the whole surface of the hdf strut. Going aft from the bow

the zonal drag sharply increases from zero to its maximum value at--~! where the pressure

is zero, and thereafter vanishes asymptotically.

~The step-by-step operations in this end mMequent fntegretlons In thfe study ere omittd Whfle for the most pert the fntegratione ore:
. . .. , ---

str’af@tforwf@ they us netidm ~~c=JY long ~d dekaetfm They lwe bWII omitted evmher% th’efem for dfOITW!J ed brevfty’t
even though a mrtafrr amount of msthernatfcal mnttmdty is SSMW3.
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.

Surfaces of constant speed or pressure in the field about the haIf strut are found by salving
equation (12) when a series of values is assigned to K II one lets F= KU equation (12)
becomes,

from which,

2apCos6..-_-____--__--___-_________-_-L________________P*=*+ ~_l (17)

If &=#-C’, and &=C,

equation (17) takes the form
p~=?–c~+2pccostJ

which one recognizes as the equation of a family of circles whose centers are at points (c, O)
and whose radii are the values assigned to r. The ra&i of the circles and the abscissas of their
centers are simply

t .----__---__ --___ -._-_-___ -____ =____-__-__ u_--_ T--------- (18)

C=EL I

It is interesting to note that the circle of Minite radius-that is the straight Iine-is the one
for which K= 1, or for which V is the speed of the distant stream. This line crosses the bow

at z=: where the surface pressure is zero. The circles of constant speed or pressure are drawn

from equations (18) in the upper half of F~ure 6.

GItAPHICAL TREATMEYT

Due to its sirupIicity, the whole treatment of the half strut has been carried through analyti-
cally. When one passes to the more complex distributions of sources and sinks, however, the
amdytical treatment becomes unmanageable, and grapbical methods must be resorted to. For
these more complicated cases the analytics can be carried without serious d.itlicuIty through
the determination of the potential at any point of the flow field, but sudderdy becomes unman-
ageable when the equation of the equipotential surfaces is required. Beginning therefore with
the graphical determination of the streamlines, one of which is the strut surface, the determi-
nation of the velocity and pressure in such cases must be essentially graphical. In order to
illustrate the method, it will be useful, to carry the simple case of the half strut through the
first stages of the graphicaI treatment.

Beginning with equations (10), values of

—1

1
10

~= ‘(r–e]=tm ~–r’ ------------------------------------ (19)
X<o

*+=6 —1
= tan ‘g? X>o

are computed for wmiouavalues of z and y, as listed in Table I and plotted in Figure 7. For a. .
series of -dues of x one reads from this figure the V~UeSof’$ mm=pon~g ~ the V~USSof Y

chosen, and deducts from each value of $ the half strength of the source divided by C when x

1*The SU~ph I, IIVMCUt~a SOUIMRSwuh~ &om the Subs&pt, 2, indkstings sink, The”pfimee !ndk!3ti tht the StZeCUJlfllllction

weflidents, $, hare been reduced by the smoont of the eonrce-sdnkstrength (dfvided by C) lying to the sight, emmding to the @ of eqnatiorn

(10), but not yet by the smount Iyinz to the left,re@rsdby the second eqastion. Whsn the Inttez dednctlon Is made, the prfmw axe omitted.

loM974~7
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*1
is positive, according to the second of equations (10).. “.These values of ~? with ~ve~ed tign~

are then plottd against y giving curves of constant Z, F~ure 16.
Figure 16 is used to give two sets of streamlines, those of the source flow, in general it d

be a souru-to-sink flow, first alone, then combined with the uniform stream. The first are-given

by reading the values of y at which the z curves cross n given $ horizontal. In the case of the

line sourca these streamlines ax+sirnp~yradii. The second are obtained by reading the values of
y at which the z curves cross each of a series of strai@t parallel lines. b -.

*, u
~=~y+nA$ ---..-.:------L.. . ---- L------------ -._----- _--_ —---- .(20) . .“- :

drawn across the figure as shown. The interaectiona of the x curves with the line through the
origin-that- is, with the line whose .n in equation (2u)”is zejo-are cledy solutions of equation
(10) when ~ is zero. These intersections therefore determine the cQor@ates of points Orithe

P
boundary curve # = O,
which is the surface of
the half strut. Similarly

r ‘f the intersectionswith the
d lines n =*1, *2, *3,

e etc., me the coordimtea
~ of successive streamlines

(fig. 6) everdygraded from
the boundary curve, out-
wardly when n is (+) and

FIoum2
inwardly when n is (-).

The diagram, given in Figure 16, which is the key to the whole graphical sol~tion, was de&d
and first used by Taylor. (Ref. 3,) .-

One defect of the diagram, just described is its failure to give the bow and stern points of
the strut. These must be obttied by auxiliary use .of the velocity potential 4. From equa-
tion (8)—

?!2=v==:+uax

—.— -

.-

.- .-

..-

sinee P=X when v-O. But at the bow or stern V==,0, givipg

U1—- . . (21)
c x------"----------"------------------"~--------------:-'----------

as the relation between “thebow or stern position and the value of ~“ The hyperbola (21), is

plotted in Figure 7.
The two sets of streamlines, those of the source flQw, or in generaI those of the source-ti-

sink flow, first alone, then combined with the uniform stream, are drawn as in F~ures 22 to 26,
Let op”Figure 2, be a typical streamline of the first set and ej a typical one of the second. Atf.
their intersection, g, which may be any point in the flow field, on, inside or outside the boundary
surface alxi, tangents to the streamlinescan be dmvq. These tangents, being coplaner with the
direction of the uniform stream form two sides of a velocity trhngle, qrs, whose third side is he
constant horizontal velocity U. Three directions and one tide bi$ng known, the resultant
velocity V can be found.

A good graphical method for solving a set of these triangles at a number of q~along a.etrearn-
line is the one used .by Fuhrmann. At all the g po@ on a @veg streamline one draws on one
of two sheets of transparent paper laid, for example, over Figure 22, th? tangents b orie set,of
streamlines, say the ej set, and on the other the tangents to the other set-of”streamlines,op. ‘l’he
two transparent sheets are then superimposed, one cm the other, and displaced, relative to each

-----
.
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other, a distante U along x, so that the op set are in position o’p’ in Figure 2. The distances
gs= F are then read in succession simply by a scale, giving the resultant -relocity along the stream-
line in terms of the uniform stream speed U.

Finally kuowing the velocity, the pressure for steady flow is given everywhere by equation
(13). The pressures on the half-strut surface determined in this way agree with those given by
equation (14).

FIVE RANEINE STRUTS

THEORETICALDEVELOPMENT

In order to derive a series of Rankine struts whose shapes resemble the shape of struts used
in aircraft, one needs a variety of distributed sources and sinks, particularly the latter. Follow-
ing the treatment of the Line source, the formulas for the stream function coefficient,
4’1’~J and for the velocity potential coefficient, fi> will therefore be found for surface sources

having three types of strength distribution, the uniform, the linear, and the parabolic.
The three distributed types of sources require treatments which are sufEciently similar to

justify developing all three together. Accordingly the equations in the folIowing development
will appear in triplets, the fit of which is always for the uniformly distributed source, the sec-
ond for the linearly distributed one, and the third for the parabolic. They will be distinguished
in the development by the subscript a, b, and c respectively, added to the equation numbers.

—- —
—-.

—-—

Conside~ a strip-of width, z,-cut from
an infl.uiteplane and beset uniformly with
line sources running lengthwise. If th~
elementary line sources are equal in
strength the strip is a uniformly diat,rib-
uted source; if they have strengths propor-
tional to their distance from one edge of
the strip, the source is a Linetnly distrib-
uted one, and if their strengths are pro-
portional to the square of this distance,
the source is parabolically distributed.11
Let the total st.rewth of the strip source

Y

P

./=7=-’

be 2rC per unit imgthalong ~. Then, clearly, an elementary strip, d: (fig. 3) has the
dg 2m, ~d2T03[2dt

strengths, 24 ~? 2xQ ~ ~ ~according as the distribution is uniform, linear or —

parabolic.
By equation (8) these elements at a distance $ from the z axis, add to the velocity potential

wI at the point P, the values,
dq 1
7 ‘7 ‘n~~’

=; 171.p&7& .-

Substituting the value of p and writig in integral form, these equations become

J
~=~ :ln[(Z-#)'+y2] ~-------------------------------------------- (22a)

.S
=* jn [(x-t)2+&] td$------------------------------------------ (22b)

.S
=; jn [(z-E)' +@] P&------------------------------------------ (223)

IiF~ti, Rskenea 1, A OD.IYthe tmlform and linear strength distribution.

—.
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Valuea of ~ will be required only for the determination of the bow and stern points of thebound-

ary surfaces for which y= O. Letting y= Oin equations (22), and integrating, one obtains,l’

~=+[o-z) ln(z-t) +zzm-ll. --. --.------:: ----------------------- (23a). ,-.-

[

..

7
=; @“–~) ln(x-l)+x’t~–lx–~ -------------------------------- (23b) . . .. .. ._

[
Z%l

7
=$ @a–@) in (x–l)+x’ lw-lx’-7j--- -------------------------- (23c) ~

If equation (8) is diflerentiatecl partially with respe~t to z, we obtain the equation for the
bow point,

.,_.. .....

'~=:(5)=:@)+ :=o---------------------------------------- (24):- : ‘“’.- ——

Differentiating equations (23) pt@ialIy with respect to z and substituting in equation (24) one
obtains,

~=+(`~%)--------------------------------------------------=-- ‘25a)-- -- ‘- -----

(
x–1

‘+ xln~
)

+t --------- ------ --------- . “------------------------ (’5b). ,. .. . .

(
—+d+;)-------------------------------------------; dlnx;z (25c) —

These are the relations between the values of ~ and the abscissasof the bow point, correspond-

ing to equation (21) for the line source. The graphs of equation (25a), (25b), and (25c) are “
found k-Figures 8, 9, and 10, respectively, - -

By equation (9) ,the elementary strip, d$j Figure. 3, likewise
41’, at the point P the values,

~

where n= 1 if x<O and n=O if x>O.

-; ( )tiin’1x+t–n77 Mtl

=; ( )tg.n’1~+t-nr F*,

adds to the stream function ...

The whole stream function at P due to the source
therefore,

J
‘1’–1 tm-'zgE dg-L ------------------------------------------7–7 , (26&

s=; tan’1 ~+[ta–M------__.---__-__ -------------- .----—--- (~6b)
0

=—
[

tan “ Z*$ ~’d.$– i’?;.O – ------------ -----q --------------------------- ----- (26c1

h,-

-. -r..

.-
. .

It The fntagrafad forma of equations (22a)and (ZZb),when v Ie retained, er@

a-T{T( (
~ I I ~_z) ~n[@-O1+M+~ In (2e+uI)-1–9 tan

-,~:m+$)=. - - - .=:, -,-‘- ~~--.:..::

. . . . . . . . . ----------------------- . . . . . .. ——------

-~{[(s–OZ+@l In [@–O+@]-[(z-O+fl-(ti+#) [n (#+@) +(@+@) }~i%:- . . . . . . . --. --.---—.. . . . . . . . . . . . . ---------- (@b) .-.

where H-B for the uniform aourra KIvenin eqnetion (23’s).

The valuea ohcxm for u ware, for en, +1, +2, +3, +4, +6, +6, +8, +10, +12,.+14. The ve@ ohcsm for z were in equation (%e), +6, +7,
+9, +10, +H, +13, +16, +.%3,+25, W, +35, +40, +5U in equetfort @b), for 1-6, -40,-86, -24-’5 -m, -W –W -K$ -7,-5, -% O,+%
+4, +6, -!-a +3, +11, +Ia,+16, +23, +2d, +30,+35,H, +* fw l-~, -40, +50 –28, -25-23, –lG -18, -10,-a, -K,–z o,●m+5,+7,
+10, +13, +16, +18, +X3, +Q +25, +aO, +36, +40, +~ I.uequation (28@,-40, -36,-20, -23, -W, -16,-18,-10,-7, -5, -30, +8, +5, +7,
+9, +10, +11, +18, +16, +.W +%, -l-W +35, +40, +50. . .
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where,

Z=rfl-;)_______________________________________________________ (27a] . _. .:-”-”=

()JI=r 1–$ _______________________________________________________ (27b) . -—

~=r ~_~ -_() P ------------------------------------------------- ---- (27c)

is the amount of the source half strength downstream, or to the &mhtof E.
Equations (26) integrate to the equations,

.-—..

[

*,’_l “ ~ +1 1~ x2+@-~ !!_ (Z—z) tan’1 ~VZ 2
7–7 z ‘m z 1(z–1)’+y –L ---------------- (28a) -

*1’_l
[

+) tan -$- (&–@–P) tan-*z+-–zy+zy?nd+y’~–~ (z’
}(x–z)’+&–M-- (28b)

[
$=* 3X211–3Z12– (Z–l)a tan -’ ~++z’ tan ‘1 ;– ~y @ (7-2Z)

-$ in ~+r
1

—— – N____________________________________
-1 (Z–zy+y’ (28c)

where 11 is the bracket term in equation (28a) ud .L is the bracket term in equation (28b).

}ralues of *$ have been computed from equatio~ (28) for 10 values of Y, for each of 13 valu~ of

z, in the case of the symmetrical distribution, (28a)j and for each of 26 values of z in the case of
(28b) and @8c), and alI for 1=10, in (28a) and (28c) and 1= 5 and 1=20 in (28b).” The vaIues ...—

of the stream function coefficients, ‘~j for the thee distributed SOWC* are given ~ Tabl* 11~ ..-.——

111, and IV and plotted iu Figures 8, 9, and 10.
--

The corresponding sink strips produce potential coefficimts of like maguitude but of opposite
sign. One has therefore only to change the sign of C from positi~e to negative in equations (19)
to (28) and in the corresponding figures to obtain the stream function coefficients and the

—-
.-

P
values of ~ for the four types of distributions when used as sinks. The stream function coeffi- -.—

cient of a sink is denoted *$. -.

The combined coefficient of a source and sink, when both are equal in strength, is clearly .-

*M which one obtains for any point in the flow field by simply adding the tw-ostream functionc —

coefficients produced there by the two independent flows. By carefully adding coefficients
taken from Figures 7 to 10 in a routine way, Figures 11 to 15 have been constructed, giving the

—
.-— -

stream function coefficients and the values of $ for the five source-sink combinations represented

diagrammaticallyin Figure 4.
The five combinations contain two series of three each, one series has a common source

combined with three types of sinks, the other has a common sink combined with three types
of sources. Combinations I, II, III make up the fit series, II, IV, TTthe second. It will be
observed that no combinations are used giving vanishing source or sink strengths at the com-
bined strip edges, such es would result, for emmple, by rotating the sink in combination III
through an angle T about z at its mid-length. The edge of ~anishing strength in such a combi-
nation produces a cusp at the bow or stern of the boundary surface. The surface then departs
too far from forms of high merit to justify its study. This contrasts with the three dimensional
case in which source-sink combinations having vanishing strengths at the ends produce boundary
surfaces of revolution free of cusps and of good airship form. (Ref. 1.)

—.. —
Hseafootnote on p. iaz.

.—

----

._—
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Equations (28) and their corresponding diagrams, Figures 8, 9, and 10, as well as the five
combination diagrams, Figures 11 to 14, give. the stream function coefficients COrrect@.only ~
for that part of the source-sink strength lying downstream. The physical interpretation of
these diagram is clear,

Upon superimposing a uniform field on these sou~cy-sink fields the second deduction must
be made. The amount of the source-sink strength upstream (divided by C), must be deducted .

from each value of *+ gitingvalues of ~~ ss ex-pitied ~ ~~~~on with equation (10

These deductions, however, are very’ simple ones to make. If the ordinate to the point in the

field, where the value of w “Is desired, stands on the source strip, the deduction may be, -.
read from graphs of eguation~ (27). If the ordinate stands on the sink strip, one uses the relation
that the strength upstream is the same_as that downstream, with reversed sign, and obtains the –
deduction by,reading the values as before from graphs of equations f27) but reversing the sign.. .
After applying these deductions one obtains tie same v~ues Qf ‘~ as would have be~

obtained had equation (9) been used and no deductions made. J?rorn.this point on, the develop-
ments proceeding from equations (9) and (10) are the.same. -.

One next plots against y, the values of ‘~

.

, just obtained} giving a family of curves of

constant z, for each of the five combinations. The &grams so obtained are shown in F~res
17 to 21 and correspond to Figure 16 for the half strut, whose use has already been explained.
In each diagram, the straight line,

#_-u~-~v-----------------------------------=-------. .

through the origin, isso sIoped as to intersect the uppemnostk curve at a value of y which is the
desired haIf-thickness of the strut. To obtain the strut half thicknass, the width and finene~ ~.. ,_
ratio ldmust be known. The width is known approximately from the total strip width of the
source-simkcombination. The fineness ratio was mad~ approximately 3.5 which is common in
practice.i4 Having obtained the slopes, one draws acyoes l?igur~ .17 ta 21 a series of paralIela
#u +U
~=@+nA$ graded from the line ~=~y by integral multiples of A$, just as was done in Figure—
16 for the half strut.

Following the treatment of the half strut,”~he horkontak in Figures 17 tm21 give values

..

—
*, +$, con5t

of Z, y which enable one to draw point by point the source-to-sink streamlines, ~ =

These are drawn in the upper half of Figures 22 to 26. &niku-ly, the aIoping parallels give

values of x, y from which one draws the resultant flOWstreafi= $= co~t. ~one being the-strut

form itself. These latter are drawn in the lower half og.the figures. The.valuw of z, y givtig the

strut surface and including the bow and stem points obtained from the ~ curv@ of Figures 11 ~~ ._,.
1

to 16 are given in Table V for each of the five struts; .

~The flnsrrm ratio Ia the ratio of tha strut width and rnasfmum tbiohess.
11If one - tbg gIOpEof the lfne by a~gnfng a series of values to ~eqnatfon (29), a aerie9of atIUMof Varyfr.rgtiena?s ratfo h obtalnad.
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Having constructed F~es 22 to 26, one obtains the velocity, and from the velocity the
pressure along any streamline by the method explained in the treatment of the half strut.. The
velocity and pressure found at the surface of the fire struts are listed in Tables VI to X. Finally

v;
F
g

the pressures are plotted against strut width in Figures 27 to 31 and against strut.half-thickness
for integration in F~es 32 to 36.

The theoretical resistance of each strut in inviscid air is the integrated pressural drag which
is proportional to the difference between the areas a, b, g, e,f, and g, c, g of the theoretical pres-

yf;+p;
c’
g
c,

-.

-—-..~
.. —-.L. . . A.— -

. .

—

—
--

FIGCRE Il.—$+ &gram for the wurednk combination No. I, Figure 4

sure curves in Figures 32 to 36. Since the theoretical resistante should be nothing, the axeas
should be squal. When the two mess for each strut are integrated they are found to be equal
within the precision of the development. The magnitudes of the four components of pressure

-.
—.
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drag alongstream, which are the upstream and downstream push and suction, are given for both
theory and experiment in Table XII}5 The determination of the pressure distribution over the
surface of the fi-restruts completes jthe theoretical part of the study.

FIGUREd+%&un,orthemce5ink combbmtfon No. IT’, Figure 4

EXPERIMENTAL RESULTS la

In order to compare the theoretical surface speeds and pressures with the actual ones in
the case of air, models of the five theoretical struts were made and each subjected to resistance
and pressure distribution tests in a wind tumel. Along with these five, three empirical struts

F,~.= ~.+ ~ mu for the mums-sink combination No. V, Figure 4

.

.-—.

. .—
.- ——

-—

of high repute were made, one British, one German, and one American, and their resistances
determined for comparison. The remaining part of the study will be devoted to a description
of the models and to an analysis of the expetiental resdts.

~The msthod M in Table XII of anslyzfng into Its various eompmenfs the rssistsnce oi a My movins through a ffnId is due to Z4hm.
(Ref. 2.)

u&e opssdng psregcsph under” Erpei-hnenteI invmtisntion of U. S. ?XavYNo. 2 strutfl Pert L (Rsf .10.)

. .

-x
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APPAFtATUS AND EXPERIMENTAL METHOD

The wind tunnel used for these experiments was the United State Navy closed-circuit
tunnel in Washington, wbioh is equipped for force and moment measurement with Zahm’s
6-oomponent balance described in Reference 4. The test section of this tunnel is normally
eight feet square and when so arranged the tunnel is capable of maintaining air speeds well

I?mum ‘22-strut No.Ij with sourcstcAnk and resultant skemnlines

above 60 miles per hour whose mean values are controllable within one-half of 1 per cent. The
balance is capable of measuring an air force or moment of a thousandth of a pound or pound-
inch. The manometer from which the surface pressures were read was a single straight glass
tube inclined approximately 1 to 10 and oonnected to an alcohol oistern. Its readings in vertical

FIGVEX?&-strut No. E with aoar&t.o.&k and rmrdtant stzemnUnM

inches of watw were carefully obtained by calibrating it against a tiater gauge capable of
indicating pressures smaller than a thousandth inch of water.

The total resistance of each strut was obtained by attaching it to the 6-mmponent balanoe
which weighed its drag directly. The attaching holder was a thin 2-prong member whose

/
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5-inch streamline prongs entered the strut at midspan as ilhwtrated in Figure 37. Large
separately supportid end plates shielded the strut ends in both the resistance and the surface
pressuretests as shown in Figures 37 and 38. These-plates had the effect of making the strut a
segment of a strut infinitely long and therefore of making the experimented conditions two

-—

FIGUREM.-Strut No. III, with sonroe-to-afnk and resultant streamltnw
.-

dimensional. No ‘iimiection to the m“easuredreakkmce was required, due to the pressure
gradient along the tunnel, since the gradient is zero at the test section.

.— -.
,,

The pressure at each surface pointwas measured reIative to the bow pressure by connecting
the two ditlerentialIy across the aingh+tube manorneter.17 The air speed of the general air

—

-.

- . .... , r-- .=4 , -,.—.
** -. ; ;$-..-—: -.
...’”” . . . . .
..-

.“=. .-xi

.- . .....-.. ...——. . . .~. .-<.~. .. -

.,. .-=-----~
.--— :=::

u .: :.:-”:.“-:: :“-_ ,._-*
w . .. .. ... ..- .-—-— u.. ..”::.,= _., . ----- ..__ .....

-: :. ,, .=;. ;: -.+-—

-------- .,. : :-.~:~.~ .+.

FIQCEE M.-Strut L’o. IV, with source-to-sink end r%rultent streamllrm

stream was obtained by connecting the bow pressure and the static pressure of the distant air
stream~differentiallyacross the speed indicating manometer. The static pressure of the stream
w= cdected from the lateral perforations of a standard pit&static tube placed sufficiently far
abreast the bow of the strut to escape appreciable interference. .— —

— .,_
H _ ~ fo~~~d w p~t ~~o~IIitftihM acouv~l~~~d a~te re~~~ f~ p~~~ ~Wh~ OIIthe~fa~, tinm the pr~~e

thera fe alwaga *P V:.



THEORY AND TEST OF STRUT II 745

1.0(

.5C

P/P,

-.50

-1.00

\

—.

Fraumr 26.-6trut No. V, with soorce-to-shrk snd resoltsnt StWllllkOS

Experiment
-----------—Theory

I
i

/’
/

I

i
\

FIQUrM .Z7.-Experfmental and theoretical point pressure, PA OFX=fWS d ~~ No. I

—

-—..—.—
..—

—.
.--. ——

.- -T
.—

,: .7.=-—.—
..—. . .--—

. ~=-—
--— .-..----..-—

-.

—

_-

.-

10439i~S



REPORT

1.00

i

COMMI~E

Experime~~

..--- .----Theory

-.50

-1.00I

FOR. _mROlfAUTICS

#

\
t
I

I
\
\
\
\
\
L.

Loo

.50

P/R

-.5C

‘\ . ..-’-

FIGUEE2$.-Experfmental and theofiid Point P*W% M., ov~ ~~ of s~t No. 11

Experiment

---. ---.----- ~eory

,

:4 ...,,

I
‘1

FIOUEE 2L–Ex@mental and thwOtlc~ Poht P~~~ P/Ps, o- * of s~t No, 11.

——

... ...

L. .

.-

.—

—.

-,. ,.— ., -i.z,
-.--, -

. ,.

... :



1.00

.5C

PIE

-.5C

.5C

PIP—

-.5C

AERODYNAMIC 50RY AND TEST OF STRUT FORMS-PART II

Exper;men+

------------ li%ory

\

FIGUFJ! 30.-Ex@mentel and theoretical Pofnt PIHSUI%,Ph., or= - of s~t ~fJ. ~

Experiment
------ ------ Theory

747

“=

.-.,,

-—

-.L.

—..

—.—

..—.-- ——

.:- ‘“’
_ :—

——

.—
—-.

--
:<: -
..—_.. —=: —.

--—
FIGCBE S1.—Experiment.d snd thew@kM @nt wessure, P& o~er surfam of strut No. V



748 REPORT NATIONAL ADV160RY COMMiki?EE FOR AERONAUTICS
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MODELS

The eight strut models were constructed of laminated wood and. tished dike to a I@h
polish. Strut Number I of the theoretical sqies of five was made of mahogany, the other foh—._._..
were of cherry at the bow arid ivhiti pine at the stern. The thee empirical struts-were of ~v~ite _

,% a undfe

h\\\$ ‘\, Experimed

y .6 ‘~, -- --- -.,? ------ Theory

\h_,:‘ ,
\\.. . ..-. -,..-+.+. ....... .. .,—.....-

‘.
\ e Sfru~ hok i%icknes~ hches

.75 1.50
4A

\–.

-.6 L .
FIOUBE86.-Experlmentnl and theoret!oal point pressure veraw strut half thbknm for strut No. V

:. :-- ..:’.
. ..

._.

-.----

pine only. The latter are designated R. & M. 183, beii the British strut fimt given in R. & M.
183, but hire changed from fineness-ratio 4 to 3.5 ..(xqf.7). ~umber 53 being the bes~Gergmn
strut reported in Reference 5, and hTavyNumber 2 the best st.yutwhich has so far been developod

II . . .%~”; +
,i..,..”.. . .=+.-.... ..I\. ..&I

FIQUBE87

in America. (Refs. 2 and ~0.)
MI eight were 60 by 10ji by
3 inches with secticms con-
forming to accurate metal
templates made from the
ordinates in Table ST. Final
measurements of the. sLcuti.
agreed with the specified or-
dinaiws everywhere well
within 0.02 inch, the average
error of course being much
less.

At an early stage in the
construction of the five theo-
retical struts small cop per
tubes were inlaid running

—.. .

---- .=

near the surface from one end.of the strut to its miT@ection,where they bent-sharply tindemerge~ , ,
at the surface points where pressureswere ti be measured. The ends of the tubes were then
finished with the wood, and finally in the fished-strut presented a row of pressure collectors 1
millimeter in diameter, accurately located md quite smooti. Care was taken to remove dl
rougbnees from the inner edge of the ~o~ecto~. .The location Ofthe co~ecto~ is given.~ Tab~~ ..
VI ti X. Figures 37 and 38, which are pho~grap.h~ O: st!~t NuK@~-V~ illustrate the struts. _.
in finished form.

.-
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RESULTS

Table XI gives the r=uR.s of the resistance tests in three froms-the resistance in pounds,
the resistance coefficient based on frontaI area, and the drag-trength ratio based on sectional
moment of inertia. The two latter forms indicate merit of two kinds; the coefficient., Cg is a
measure of merit of a strut form when its thickness is the major consideration; that is, when it is
used as a fairing for round tubing or cable; the ratio D/I is a measure of merit when the strut is
used in the usual way as a compression member of sticient Iength to be susceptible to lateral fail-
me as a column. Refeming to Table XIa and Figure 39, Strut Number I has the greatest merit
of the five as a faking, but is poorest as a strut. Likewise Strut Number V has the greatest merit
as a strut.,but is only second best as a fairing. Furthermore, Table XIb and F~ure 40 show that
theoretical Strut Number V and the h’avy Number 2 have about equal merit either as fairings
or as struts and that N7umber53 and R. & M. 183 follow in order of merit, the one having 3 per
cent the other 12 per cent greater D/I than hTumberV or NTavyNumber 2 at R. N. 12X 10~.

The rwdts of the pressuredistribution tests on the five theoretical struts are given in Tables
VI to X in four forms: First, the point pressuresreferred to the bow pressure as zero are given as
read in inches of alcohol along
the inclined manometer tube;
second, the pressures given in
the first form are converted to
vertical inches of water; third,
those in the second form are
referred to the bow pressureas
~ V; tblly, those in the third
form are referred to the bow
pressure as unity. The pres-
sures in the third form are
plotted along with the theo-
retical pressures against the
strut haIf-thickness, y, in Fig-
ures 32 to 36 for use in inte.
grating graphically for the
four elements of pressuredrag.
The elemmts of pressure drag
are listed in Table XII for
both theory and experiment.

i
i: .- .:.,.,...
-1 \, ,/+

,\ ‘7
i’i

! “/ /“.,-
/

FmJEs n .

The valu~ given ~ow how small a residue the messud drag is of the total umtream. .
and the total downstream pressural forces acting and indicate the d.iiiiculty of such analyses.
The table indicates that the whole drag contains from 40 to 50 per cent pr=sural and from 60 to
50 per cent frictional drag, when the air speed is 40 miles per hour.

.The pressure cmf?iicients,given in the fourth form in Table X, are plotted along with the
theoretical pressure coefficients i@.nst the distance aft the bow in Figures 27 to 31 and show
graphically the. agreement betwea theory and experiment. In ‘every case the experimental
pressures were a little Iess than the theoretical over the suction range and rather uniformly so
except near the stern, where the discrepancy increased and a=gwememtbecame rather bad. As
usual the pressures agreed near the bow and disagreed widely at the stern where the measured
pressureis oniy one-fourth or one-fifth the theoretical value. For each strut the ma-ximumsuction
occurred at the same position on the surface in both theory and experiment and moved aft and
decreased in magnitude as the a-reragestrut ordinate shifted from strut to strut tovmrd the stern.

CONCLUSIONS

Comparing Fuhrmann’s results (ref. 1) with the results of this study, one finds the agree-
ment between the theoretical and experimental pressures over the surface of Iow-resist.ante
shapes rather better in three dimensional flow than in two. The consistent and uniform defi-
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ciency of the experimental suctions found fo~ struts does not appear in the case of Fuhrmann’s
airships, for which the experimental pressurw were sometimes above, sometimes below, t,heir
theoretical vahme. While the experimental pressures at the stern agree with theory better in
the case of struts than in the case of airships, the defect may be less serious for airships, from
the standpoint of pressud drag, because of the relatively sma.lIersurface area affected. Also
for airships the maximum suction by experiment came at a surface position aft that by theory,
whale for struts the two positions are found to coincide. In case of either airships or struts
the functional character of the pressure distribution is strikingly similar in theory and experim-
ent and leaves no doubt concerning the validity of the Rankine method.

From the standpoint of practical merit, Strut Number I seems to excel as an air faking.
For column use in aircraft, Strut Number V is equally as good as the Navy Number 2 which
is the beat empirical air strut so far developed. These two are found by comparative test to
be folIowed closely in merit by the German Number 53 and to be considerably better than the
British R. & M. 183, the relative order of resistances being 100, 103, and 112, respectively, at
12x104 R. N.

It may be well to point out that these strut studies Ieave the air strut & a rather unique
position compared to the airship. In contrasting their aerodynamic status, one fide that no
theoretical airship form of high merit has been found, while a theoretical strut has been found
whose merit equals that of the best empirical strut. One iinds further that the theoretical
flow is known about no airship of good form, excepting the approximate flow about a rigid air-
ship form found by v. Karman (ref. 9), wbiIe the theoretical flows about the two best struts
are now known and about one of these by two wholly independent methods.
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TABLE I.—STREAM FUNCTION COEFFICIENTS, ~) FOR A LINE SOURCE FROM EQUATION (19)
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TABLE 11.<lCREAM FUNCTION COEFFICIENTS, $? FOR A SURI?ACE “SOURCE WHOSE

STRENGTH IS UNIFORMLY DISTRIBU!I’ED FROM EQUATION (2s43)
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TABLE 111.-STREAM F?NCTIQN COEI?IUCIENTS, $, FOR A SURI?ACE SOURCE WHOSE

STRENGTH. -INCREASES LINEARLY ALONG THE WIDTH FROM EQUATION (28b)
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TABLE 111.—STEAM INJNCTION COEFFICIENTS, ‘$, FOR A SURFACE SOURCE WHOSE

STRENGTH INCREASES LINEARLY ALO.NG THE WIDTH FROM EQ17ATION (28b)-Con. —
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TABLEI IV.—STREAM FUNCTION COEFFICIENTS, ~$~ FOR A SURFACE SOURCE WHOSE

STRENGTH LWCREASES PARABOLICALLY- ALONG THE WIDTH, FROM EQUATION (2&]
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TABLE Va.—ORDINATES GIVING THE SURFACES OF THE “FIVE RANKINE STRUTS
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TAB~ Vb.—ORDINATES GIVING THE SURFACES OF THE R. & M. 1S3 (BRITISH), NO. 63
(GERMAN), AND NAVY NO.2 (AMERICAN) STRUTS
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TABLE VI.—THEORETICAL AND EXPERIMENTAIJ VELOCITIES AND PRESSURES ON _THE.
SURFACE OF STRUT No. I AT 40 MILES PER HOUR

.-

. . .
I I Theoretical 1. Expdmentel

_.....

1Indrw of alcohol 1 to 10, i Inches of water vertical,
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ON THETABLE VII.—THEORETICAL AND EXPERIMENTAL VELOCITIES AND PRESSURES
SURFACE OF STRUT No. H AT 40 MILES PER HOUR
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TABLE VIH.-THEORETICAL AND EXPERIMENTAL VELOCITIES AND PRESSURES ON THE
SURFACE OF STRUT No. HI AT 40 fifILES PER HOUR .
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TABLE 1X.—THEORETICAL AND EXPERIMENTAL VELOCITIES AND PRESSURES ON THE
SURFACE OF STRUT NO. IV AT 40 MILES PER HOUk
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TAB~ X.—THEORETICAL AND EXPERIMENTAL VELOCITIES AND PRESSURE8 ON THE.
SURFACE OF STRUT No. V AT 40 MILES PER HOUR
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TABLE XIa.-RESISTANCE VALUES PER FOOT .RUN FOR FIVE RANKINE STRUTS
VARIOUS AIR SPEEDS AND ZERQ I’ITCH MD SAW
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.’ -, -.:. ,- .. -.-/I l=lnll,,: l:.:,. . .:~rag,D, in POW% Per fo~”fi ‘“

—-. ,j;
- .,.;.> , ~_J

., . . ..-.-.. , ,-, .+
.-: *_.: “G

. . . . . -:___
0.0240
.0486
.Gi%8
.1193
.1700

0.Otio 0.0258 0:0232, 0:$ftJ
.0s84

:8% . C&S .Oal?d . Wol
. 12!m .1892 .lmo .lxu
.lsw .1940 . lm .1740

“1, 1 . . . . .J

Ding eoefddentCD-p~D~li ‘--

1 I 1

;p#
.0745
.0788

.1018 .1010 .0840 .VJ21

:% :g %% :,!g
.0780

~—.. :- ___
,,;.

.,..: ,.,--r
.-:4, 2+

..~. c—- —.—

D lb./foot
Dmg*trength ratio, ~? (f@)4-—I

. .l.”
“40.2a .&. $ 8Q.80 ;“%:

2: 8204
lR : 14~61 140.80 lU. m ysi #
Z23.24 22228 215.w m. 20
827.4Q 812c88 807.60 237.60 ,~ti81

,. .,,. .,~.

Ektfonal moment of tnertia I, id
.-

la 78i 12.814 13.078 12.486 -b 624
.~.g

... ,

.-*,
;.*

Ll=swutthfckmw in feet u
i’A-fmntel am of strut in ft. /ft.-*.

V,=efr spwd in feet PW ewmrd.

f
P/fl=o.cwa7 SIU. ~-oJMO1670(ft.)%=
Ii-moment of rrertia In ft.~
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TABLII .XIb.-RES%TANCE VALUES PER FOOT RUN FOR RANKINE STRUT NO. 1’ COMPARED
WITH THOSE FOR R. & M. 183 (BRITISH), NO. 63 (GERMAIS7, NAVY NO. 2 (AMERICAN

strut -
Air eed

F
in miles
per hour

k&M. 183 No. 53
I LN%VF2 Iv

I

. . ...
,“ . . ...+

-. . .

, -“—.—

‘“ “;*
.L-

-
----

.—
..—

Drag, D, in poundsper foot run
I

0.0240 0.0238
.0472 .0472
.0706 .0801
.1206 .1204
.1748 .1740

20
30
40

E

20
30
40
60
60

20

%’
60
60

0.0258
.0544
.0912
.1390
. 193s

0.0243
.0484
.0818

: ;%!

7.34
11.00
1A 67
18.34
2200

“7.34
11.00
14.67
l&34
22.00

7.34
lL 00
14.67
la 34
2200

4.40
6.59
&79

10.98
la 18

440
6.59
8.79

10.98
13.18

440
6.59
&79

10.98
13.18

-—.
-.-
—., .

. .=
—.

Drag ooef6cient CD=P-2

.1010

.0945

.0893

.0870

.0844

.0951

.0842

.0800

.0769

. 0774

.0940 ‘

.0821 I : ~~

.0779 I

.0755 I :0753

.0761 I .0758

..—-
—.

.
40.99 39.90 39.09
8L 65 78.46 77.53

137. !39 13232 13L 57
207.50 200.48 197.77
299.94 290.58 285.81

43.09
90.85

152.31
232.15
323.67

--.=. . . . .— ;>
. .-—.

; —.=
-~
,,, . .-. -.—.—

Sectiomd moment of inertia I in.z

I I i
I 12416. I 12.292 I 12.474 I 12.624

TABLE X11.—ALONG STREAM FORCES PER FOOT RUN OF STRUTS IN 40 MILES PER HOUR
AIR SPEED
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“tl=i==i=i=i==i-d=h’’”l’~..-.
;_---. .—

,.. —
..~

P0umi5.per foot run

I ll!ma ‘ ll&4

I
0.513O.w C& am o

$
.EOi –. %2 :

:i% .XFJ .61XI
.110 .&33 o
.146 .3s0 .604 –. gcxi o

. ml .437 Xg
o

v :3
.437

% , .44!2
o

.114 .443 +. ml : 0

,..
—----

----.—
..-

Pound9 oer footrun

I . Ma .164 . 4T ‘ .03.s
.160

. (me .0i9

g
:%

:% .L513
.44a .C65 :E .036 :% IO!&
.462 .m

.234
.333

.167
.4M .CQa .OEd

v .233
.4X .(s0 .3W .358 A-g .am .(W

.In .404 .(s4 .* .m .049 .mo

Per cent of Wnl meesared dm& D

391
&

206 %% io
am

&ii
Ia3

49
W

Ml
74

332
ma % 40 00 %

.?
176 m 03

818
374 30 61
m

ml

290 %
%

.% 1% 361
m
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